An infant's weight reflects physical growth and nutritional status, important indicators of health. It is generally believed that a normal to large size or normal to rapid growth is better than small size or slow growth. In 1989, Barker et al. (1989) demonstrated that low birth weight (LBW) and low weight in infancy are significantly correlated with increased risk of adult coronary artery disease. More recently, studies have suggested that infant weight (which reflects the rate of weight gain) is more important than birth weight in predicting adult chronic diseases (Eriksson et al. 2003) . Additionally, a number of studies have shown that rapid weight gain (i.e., catch-up weight gain) is associated with later obesity and chronic adult diseases, such as cardiovascular disease and type 2 diabetes (Eriksson et al. 2003; Barker 2004; Eriksson 2005) .
Early postnatal weight gain is receiving increased attention for its role in subsequent obesity and metabolic syndrome (Ong and Loos 2006; Ekelund et al. 2007; Stettler 2007) . Ong and Loos (2006) have regarded this postnatal period (up to 2 years) as an important opportunity to prevent future obesity and related metabolic complications such as insulin resistance. Stettler et al. (2002) followed up more than 19,000 full-term infants and revealed that early infancy weight gain associated with overweight at age 7 years. Tanaka et al. (2001) demonstrated that weight gain during the first month of life was a significant predictor of body mass index (BMI) at 3 years of age. Therefore, the rate of weight gain during early stages of infancy is considered a key predictor of future health conditions. Rapid weight gain in infancy is thought to be associated with maternal lifestyle and environmental factors (Ong et al. 2000 (Ong et al. , 2002 Kim and Peterson 2008) . Presumably, controlling these factors should reduce the risk of adult chronic diseases. However, the specific risk factors for rapid infant weight gain have not been elucidated, and only a few studies have been conducted on this issue in Japan (Yoneyama et al. 1994) .
The aim of this study was to determine factors related to rapid weight gain at one month and 18 months after fullterm birth in Japan. Our results provide information on appropriate maternal lifestyles during pregnancy and infant living environments.
METHODS

Subjects
We targeted all infants and their mothers at the 18-month checkup held by the local government in Niigata City between October 1, 2007 and September 30, 2008 . Mothers were asked to fill out anony-mous questionnaires and return them using a stamped, self-addressed envelope. Of the 5,778 mothers at the check-up, 1,645 (28.5%) returned the questionnaires. We analyzed 1,524 cases of full-term single births and excluded the following 121 cases: 79 pre-term births, 14 post-term births, 13 unknown-term births, 27 twin births, and 3 cases lacking information on sex. The study protocol was approved by the ethics committee of Niigata University School of Medicine.
Questionnaire items
The questionnaire elicited information on the infant's sex, birth order position, feeding method (breast, bottle, or both), time of initiating solid food, presence of food allergy, gestational age at birth, and caregiver. We obtained weight measurements at birth, 1 month, and 18 months because infant weight is commonly measured at these periods in Japan. Weight gain during the first month of life and 1-2 years were shown to be significant predictors of subsequent obesity (Tanaka et al. 2001; Monteiro and Victora 2005; Stettler et al. 2005) .
Information elicited about the mother included height; pre-pregnancy weight; pregnancy weight gain; age at delivery; pregnancy toxicosis (coded as 1, no; 2, mild; 3, moderate; 4, severe); number of daily meals during pregnancy (coded as 1, three times regularly; 2, twice or three times; 3, twice regularly; 4, once or twice; 5, once) ; dieting during pregnancy; smoking habits (coded as 1, never; 2, sometimes; 3, everyday) pre-pregnancy, during pregnancy, and at present; and drinking habits (coded as 1, never; 2, sometimes; 3, everyday) in pre-pregnancy, during pregnancy, and at present. Permission was obtained to use some questionnaire items, such as gestational age at birth, weight and length at birth, at 1 month, and at 18 months, maternal height, maternal weight in pre-pregnancy, maternal weight gain in pregnancy, and maternal age at delivery, from the Maternal and Child Health Handbook (Boshi-techo) , which is provided to every pregnant woman in Japan by their local municipality. All events during pregnancy, delivery, and postpartum periods are recorded in the handbook by the obstetrician or midwife.
Assessment of infant physical growth
Postnatal weight gain is greatly affected by birth weight; however, a rapid catch-up weight gain for a LBW infant might result in the same weight gain as a slow catch-down gain for a high birth weight (HBW) infant. For this reason, simple weight gain is not sufficient to assess an infant's physical growth (Xiong et al. 2007) . In this study, a standard weight score was calculated as (weight measurement -population mean) / (population SD). Using the Japanese growth reference for 2000, we calculated standard weight scores independent of sex and age (Tachibana 2002) . A gain in standard weight score between birth and 1 month and between birth and 18 months that was greater than 0.67 SD indicated a catch-up weight gain, as 0.67 SD represents the width of the percentile band on standard infant growth charts. Similarly, a decrease in standard weight score by more than 0.67 SD indicated a catch-down weight gain. Rapid, average, and slow weight gains are equivalent to upward, no-change, and downward weight centile crossing, respectively, on standard growth charts. This definition of weight gain speed has been used in many published papers (Ong et al. 2000; Cameron et al. 2003; Monteiro et al. 2003; Monteiro and Victora 2005) .
Statistical analysis
Differences in mean weights and predictor variable proportions were analyzed by the t-test and sex differences were analyzed by the chi-square test. We combined data from male and female infants for association analyses. This can be justified by the fact that most infant growth studies use sex-combined data analysis by categorizing infant weight gains into three groups (rapid, average, and slow) by sex, due to the minor influence that sex stratification has on the analysis (Ong et al. 2000; Cameron et al. 2003; Monteiro et al. 2003; Monteiro and Victora 2005) . Linear relationships between predictors and outcomes (rapid, average, and slow weight gain) were determined using simple logistic regression analysis. Multiple logistic regression analysis was used to determine independent factors related to weight gain, coded as 1, rapid; 0, average or slow weight gain as outcome variables. All statistical analyses were performed using the SAS statistical package (release 9.13, SAS Institute Inc, Cary, NC, USA). A p value less than 0.05 was considered statistically significant.
RESULTS
Characteristics of infants and mothers are shown in Table 1 . Significant sex differences were observed in weight and length at all ages ( p < 0.001). Table 2 shows mean values or variable proportions in rapid, average, and slow weight gain groups during the first month. Weight gain was associated with changes in standard weight gain score, birth weight, gestational age at birth, breast feeding, maternal age at delivery, meal frequency of once or twice per day, and maternal daily smoking in pre-pregnancy. Table 3 shows mean values or variable proportions in rapid, average, and slow weight gain groups during the first 18 months. The rate of weight gain was associated with changes in standard weight gain score, birth weight, gestational age at birth, breast feeding, infant daycare attendance, infant food allergy, maternal pre-pregnancy BMI, maternal pregnancy weight gain, primiparity, pregnancy toxicosis, strict diet to minimize weight gain during pregnancy, and maternal daily drinking in pre-pregnancy. No significant association was found between time of initiating solid food and rate of weight gain. Table 4 shows independent variables selected as predictor variables by multiple logistic regression analysis for weight gain rate (1, rapid; 0, slow or average) during the first month and first 18 months. In the first month, birth weight was the most influential independent variable, followed by breast feeding, number of daily meals during pregnancy, gestational age at birth, and maternal daily smoking in pre-pregnancy. In the first 18 months, birth weight was also the most influential independent variable, followed by gestational age at birth, breast feeding, infant daycare attendance, pre-pregnancy BMI, pregnancy toxicosis, pre-pregnancy drinking, infant food allergy, and weight gain during pregnancy.
DISCUSSION
LBW was the most important predictor of rapid weight gain in the first month and also in the first 18 months. Presumably, LBW full-term infants are more likely to gain weight rapidly early in life, as part of the usual pattern of catch-up growth (Tanaka et al. 2001) .
Our data revealed that pre-pregnancy smoking was associated with rapid weight gain during the infant's first month. Ong et al. (2002) similarly reported a relationship between maternal smoking during pregnancy and rapid weight gain during the infant's first 12 months. Furthermore, maternal smoking is known to be a risk factor for LBW infants (Matsubara et al. 2000; Tsukamoto et al. 2007; Leonardi-Bee et al. 2008) . Mizutani et al. (2007) previously showed that a mother's smoking during pregnancy was associated with her child's obesity at five years, possibly due to early rapid weight gain. However, the authors and Having meal (1, once or twice per day ; 0, twice or more per day) Gestational age at birth (weeks)
Maternal daily smoking in pre-pregnancy (1, yes ; 0, no) Maternal age at delivery (years) Weight gain during 0-18 months Birth weight (g) Gestational age at birth (weeks) Breast feeding (1, yes ; 0, no) Daycare use (1, yes ; 0, no) Maternal BMI in pre-pregnancy Pregnancy toxicosis (1, yes ; 0, no) Maternal drinking in pre-pregnancy (1, yes ; 0, no) Food allergy (1, yes ; 0, no) Maternal weight gain during pregnancy (kg) Primiparity (1, yes ; 0, no) Diet during pregnancy (1, yes ; 0, no) others (Ong et al. 2000) did not show an association between pre-pregnancy maternal smoking and rapid weight gain in infants during their first 18 or 24 months. In short, the association between maternal smoking and weight gain is still controversial and further studies are needed to clarify the association. Maternal smoking has been increasing in Japan according to the Children and Infant Growth Survey (1990 and 2000) (Takimoto et al. 2005) , highlighting this as an important problem. An association between alcohol consumption during pregnancy and infant growth deficit has been previously suggested (Warren and Bast 1988; Day and Richardson 1991) . We did not find such an association, but instead found an association between pre-pregnancy drinking and rapid weight gain during the first 18 months. Pregnant women usually quit drinking (Zammit et al. 2008) , but alcohol may affect embryonic development during early stages (up to 8 weeks gestation) when mothers are still unaware of their pregnancy. Alternatively, confounding factors may be responsible for the association between pre-pregnancy drinking and rapid weight gain.
We found that maternal pre-pregnancy BMI was associated with rapid weight gain of infants during the first 18 months. Further, the prevalence of dieting during pregnancy was higher in the rapid weight gain group during both the 0-1 month and 0-18 month periods. Supporting our findings, underweight mothers (i.e., poor nutritional status during pregnancy) are a risk factor for LBW infants (Takimoto et al. 2005; Tsukamoto et al. 2007 ). Takimoto et al. (2003) showed that the dietary intake of Japanese pregnant women is low, with a mean energy intake of 7,827 ± 2,080 kJ/day (1,869 ± 498 kcal). Accordingly, more effort should be placed on educating pregnant women about nutrition.
We observed contradictory associations between feeding method and weight gain: breast feeding was associated with rapid weight gain during the first month, while it was associated with slow weight gain during the 0-18 month period. Previous studies have shown that breast-fed infants grow rapidly in the first 3 months, but slowly thereafter (Dewey et al. 1992; Victora et al. 1998; Butte et al. 2000) , while formula-fed infants are heavier than breast-fed infants as they approach 12 months (Dewey et al. 1992; Victora et al. 1998; Butte et al. 2000) . Hence, our apparently contradictory results may be reasonable given the literature on breast-fed infants. Furthermore, many studies have demonstrated the relationship between breast feeding and reduced risk of obesity and lifestyle-related diseases in adulthood (Schack-Nielsen and Michaelsen 2006; Rudnicka et al. 2007; Wells et al. 2007 ); therefore, rapid infant weight gain due to breast feeding may not pose a problem.
Infants in daycare rapidly gained weight in the first 18 months in the present study. Kim and Peterson (2008) also showed that infants in daycare gained more weight during the first 9 months compared to those in parental care. These findings may be explained by the lower rate of breast feeding and higher rate of early solid food introduction in infants in daycare. However, we found that the association between daycare and weight gain speed was independent of feeding method and timing of solid-food introduction. Other factors in the daycare setting, such as socioeconomic status (Barker et al. 2001) , may be covariates in relation to weight gain.
In the present study, correlates of weight gain in the first month were not concordant with those of the first 18 months, suggesting a different meaning of weight gain rate in these two growth stages. Alternatively, these findings may have resulted from an inadequate sample size. The proportion of mothers with unfavorable lifestyle factors (e.g., smoking and dieting) in this population was low; therefore, insufficient statistical power may have prevented us from detecting some important predictors of weight gain rate. Further studies should be conducted to confirm our results.
It is worth noting a few other limitations of this study. First, the response rate was low (29%), and thus our findings may not be generalizable to the entire population of Japanese infants. Second, some of our data, such as maternal lifestyle information, were based on the mother's memory. This may have yielded misclassification bias, attenuating the extent of association between predictors and infant weight gain.
This was the first study to examine relationships between maternal and environment factors and weight gain in Japanese infants. We conclude that pre-pregnancy smoking and drinking, dieting during pregnancy, and infant daycare attendance lead to rapid infant weight gain. Controlling these factors may normalize infant weight gain and eventually prevent future obesity and chronic adult lifestyle-related diseases.
